Introduction {#sec1_1}
============

Hepatitis C virus (HCV) infection causes acute and chronic hepatitis, cirrhosis, and hepatocellular carcinoma \[[@B1]\]. In kidney transplantation, HCV infection also leads to an increased risk of graft loss and patient mortality compared with uninfected patients \[[@B2]\]. The transplantation of HCV-positive kidneys as opposed to HCV-negative kidneys into HCV-positive recipients resulted in similar graft survival; however, it compromised patient survival in the long term \[[@B2]\]. Approximately 40% of biopsies indicate a progression of liver fibrosis; however, the natural course of HCV-related liver disease following kidney transplantation remains poorly understood \[[@B3]\].

The achievement of a sustained virological response (SVR) with antiviral therapy improves survival and diminishes the risk of hepatic decompensation in patients with chronic hepatitis C. Without an immunosuppression status, peginterferon and ribavirin for 48 weeks resulted in only ∼50% SVR in patients with HCV genotype 1; however, for 24 weeks, it led to 80% SVR in patients with HCV genotype 2/3 \[[@B4]\].

Interferon-based therapy in HCV-infected renal transplant recipients has been associated with a high risk of acute allograft rejection and poor efficacy \[[@B5], [@B6]\], although contradictory findings exist \[[@B7]\].

The HCV RNA genome encodes at least 10 proteins, including structural (core, E1, E2, and p7) and nonstructural (NS2, NS3, NS4A, NS4B, NS5A, and NS5B) proteins \[[@B4]\]. A direct-acting antiviral (DAA) against HCV comprises a small molecule inhibitor of HCV proteins, such as NS3/4A, NS5A, or NS5B \[[@B4]\]. Technological progress in DAAs has completely transformed the treatment of HCV. Combination therapy with the HCV NS3/4A inhibitor asunaprevir and the HCV NS5A inhibitor daclatasvir is currently available and effective for HCV genotype 1b patients in Japan; however, NS5A and/or NS3/4A resistance-associated variants may attenuate its efficacy \[[@B8]\]. Combination therapy with the HCV NS5B inhibitor sofosbuvir and ribavirin is currently available and highly effective for HCV genotype 2 patients; however, sofosbuvir may only be used in patients with an estimated glomerular filtration rate (eGFR) ≥30 ml/min/1.73 m^2^, and ribavirin may induce anemia as an adverse event \[[@B9]\].

DAAs are relatively safe and highly effective for the eradication of HCV in liver transplant recipients \[[@B10], [@B11]\]. However, there has been a limited number of reports of DAA use after kidney transplantation \[[@B10], [@B11], [@B12], [@B13], [@B14]\]. In the present study, we investigated HCV eradication via interferon-free therapy with DAAs in two HCV-infected patients with advanced liver fibrosis following renal transplantation.

Case Reports {#sec1_2}
============

Case 1 {#sec2_1}
------

A 57-year-old Japanese man was infected with HCV genotype 1b (7.1 log IU/ml of serum HCV RNA and TT of IL28B rs8099917). He had been treated with hemodialysis for 32 years (from 1974 to 2005) for end-stage renal disease caused by Alport syndrome. In 2005, he received a renal allograft from a deceased donor. He had a history of blood transfusion 31 years before kidney transplantation. In 2013, the HCV RNA was positive, and the aspartate aminotransferase (AST), alanine transaminase (ALT), total bilirubin, and platelet count were 82 IU/l, 114 IU/l, 1.0 mg/dl, and 8.2 × 10^4^/μl, respectively. A 21.3-kPa liver stiffness was observed with transient elastography (Fibroscan); thus, we diagnosed him with cirrhosis of the liver as a result of HCV infection without liver biopsy. He is an interferon treatment-naïve patient.

In January 2015, daily treatment with a combination of 200 mg of asunaprevir and 60 mg of daclatasvir was initiated after we had confirmed no resistance-associated variants at the positions L31 and Y93 of HCV NS5A using a direct sequencing method. This regimen was selected as a result of his renal dysfunction \[[@B8]\]. His height, body weight, and body mass index were 1.59 m, 50 kg, and 19.8 kg/m^2^, respectively. He did not drink alcohol. His laboratory data prior to treatment are shown in table [1](#T1){ref-type="table"}. One month after treatment initiation, his serum HCV RNA was undetectable (fig. [1a](#F1){ref-type="fig"}). Although he received surgery for purulent gonitis with pseudogout at 20 weeks, he completed this treatment for 24 weeks. He achieved an SVR at 12 weeks (SVR12) following treatment termination. At this time, the AST, ALT, total bilirubin, and platelet count were 15 IU/l, 10 IU/l, 0.6 mg/dl, and 11.6 × 10^4^/μl, respectively.

Prior to initiating this treatment, his eGFR had been 22.9 ml/min/1.73 m^2^. Two months after treatment initiation, his eGFR worsened to 17.5 ml/min/1.73 m^2^. The dose of asunaprevir was decreased (100 mg daily) 3 months after treatment initiation, and his eGFR immediately improved to 26.9 ml/min/1.73 m^2^. His eGFR was 23.7 ml/min/1.73 m^2^ 12 weeks after the termination of his therapy. During the treatment, erythropoietin and blood transfusion were implemented depending on the situation.

Three months prior to the initiation of this interferon-free treatment, we had changed the medication from 200 mg daily of cyclosporine to 1,000 mg daily of mycophenolate mofetil, because it had been reported that asunaprevir significantly interacts with cyclosporine \[[@B15]\]. During the antiviral treatment, he was also taking 2 mg daily of tacrolimus, 1,000 mg daily of mycophenolate mofetil, and 5 mg of prednisolone as immunosuppressants. We monitored the trough level of tacrolimus, and it was within the normal range during the treatment.

Case 2 {#sec2_2}
------

A 62-year-old Japanese man was infected with HCV genotype 2b (7.0 log IU/ml of serum HCV RNA and TT of IL28B rs8099917). He had been treated with hemodialysis for 30 years (from 1981 to 2010) for end-stage renal disease caused by glomerulonephritis with nephrotic syndrome. He had undergone surgery for intestinal obstruction and posttransfusion hepatitis in 1982. In 2010, he received a renal allograft from a deceased donor. In 2013, the AST, ALT, total bilirubin, and platelet count were 52 IU/l, 81 IU/l, 0.8 mg/dl, and 4.2 × 10^4^/μl, respectively. An 18.6-kPa liver stiffness was observed with transient elastography (Fibroscan); thus, we diagnosed him with cirrhosis of the liver as a result of HCV infection without liver biopsy. In May 2014, he was subsequently treated with peginterferon-α-2b and ribavirin \[[@B4]\] for his liver dysfunction. His HCV RNA levels were 6.4 log IU/ml and \<1.2 IU/ml before treatment and 2 months after treatment initiation, respectively. However, his treatment with peginterferon-α-2b and ribavirin was terminated 3 months after the initiation of treatment because of severe pancytopenia. Instead, he was treated with intermittent natural interferon-β \[[@B16], [@B17]\] 1--3 times per week for 11 months, and his ALT levels were within the normal range with HCV RNA levels of 7.0 log IU/ml in June 2015.

In July 2015, treatment with a daily combination of 400 mg of sofosbuvir and 200 mg of ribavirin was initiated. His height, body weight, and body mass index were 1.58 m, 57 kg, and 22.8 kg/m^2^, respectively. He was a social drinker. His laboratory data prior to treatment are shown in table [2](#T2){ref-type="table"}. He was also taking 1.5 mg daily of tacrolimus, 1,000 mg daily of mycophenolate mofetil, and 5 mg of prednisolone as immunosuppressants. Four and 8 weeks after the initiation of treatment, his HCV RNA levels were \<1.2 RNA IU/ml and undetectable, respectively (fig. [1b](#F1){ref-type="fig"}). He maintained this treatment for 12 weeks and achieved SVR12. At this time, the AST, ALT, total bilirubin, and platelet count were 16 IU/l, 10 IU/l, 1.0 mg/dl, and 5.5 × 10^4^/μl, respectively. During the treatment, an injection of 30 μg erythropoietin once in 2 weeks was also performed for his anemia without a change in his immunosuppressants. We did not identify any other serious adverse events.

Discussion {#sec1_3}
==========

We presented two patients with chronic HCV infection and advanced liver fibrosis following kidney transplantation who had a long past history of ∼30 years of hemodialysis and were treated via interferon-free regimens. In case 1, the patient was infected with HCV genotype 1b, his eGFR was \<30 ml/min/1.73 m^2^, and he was treated with a combination of asunaprevir and daclatasvir for 24 weeks because it is estimated to be safe for patients with renal dysfunction \[[@B8], [@B18]\].

Suda et al. \[[@B8]\] reported that asunaprevir and daclatasvir combination therapy for chronic hemodialysis patients with HCV genotype 1 is highly effective and well tolerated. They also indicated that the median hemodialysis duration for their patients was 7 years; the anemia in their patients was mild and was speculated to result, in part, from renal anemia \[[@B8]\]. In the present study, case 1, the patient with profound anemia, had a long history of hemodialysis, and he required blood transfusion. It is possible that the adverse events of this combination therapy after kidney transplantation may be different from the adverse events in chronic hemodialysis patients.

Case 2, the patient infected with HCV genotype 2b, could not achieve a virological response with interferon-including therapy. He was treated with a combination of sofosbuvir and ribavirin for 12 weeks. He did not achieve a rapid virological response, which was defined by undetectable viremia 4 weeks after the initiation of DAA therapy \[[@B4], [@B12]\]. The need for erythropoietin support also remained unchanged during this treatment, which supports the previous finding \[[@B12]\].

Both patients achieved SVR12; however, they had advanced liver fibrosis. They had anemia as adverse events, and erythropoietin was used with or without blood transfusion. These cases suggest that interferon-free treatment with DAAs is well tolerated and effective for the eradication of HCV from patients after kidney transplantation. Without ribavirin, careful attention should be paid to anemia during DAA treatment.

Treatment of HCV infection after kidney transplantation remains challenging. The use of peginterferon and ribavirin is restricted by severe adverse events and inadequate efficacy \[[@B3]\]. Because of pancytopenia as a result of cirrhosis and renal dysfunction, it is impossible to use full doses of peginterferon and ribavirin \[[@B3]\]. Some patients require a dose reduction of the medication and/or termination of this therapy because of severe adverse events.

In addition, there exists immune-mediated allograft dysfunction as a result of peginterferon \[[@B3]\]. However, interferon-free therapy does not always result in severe adverse events or exert the immune reactions demonstrated with the use of interferon, and it improves the efficacy of HCV eradication \[[@B8], [@B9]\]. Fortunately, an immune reaction was not identified during the interferon-free regimens in the present cases.

In general, patients use several immunosuppressants after kidney transplantation. A drug-drug interaction between DAAs and immunosuppressants does exist. Some patients treated with DAAs, such as case 1, require a change in immunosuppressants; however, interferon-including regimens do not always modify them. The adequacy of the selection of an interferon-free regimen and the management of adverse events may increase the efficacy of HCV eradication from HCV-infected patients after kidney transplantation. Recently, more effective regimens for HCV eradication have been reported \[[@B19], [@B20]\]. These regimens may make it possible to shorten the duration of treatment and easily achieve an SVR.

In conclusion, interferon-free regimens make it easy to eradicate HCV RNA in post-kidney transplant patients with advanced liver fibrosis. Anemia should be monitored in interferon-free regimens with or without ribavirin.
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###### 

Laboratory findings prior to the initiation of the combination treatment with asunaprevir and daclatasvir in case 1

  Item    Value                   Item           Value             Item          Value
  ------- ----------------------- -------------- ----------------- ------------- --------------
  AST     15 IU/l                 WBC            4,500/μl          AFP           4.6 ng/ml
  ALT     18 IU/l                 RBC            368 × 10^4^/μl    PIVKA-2       14 mAU/ml
  LDH     191 IU/l                hemoglobin     11.3 g/dl         ferritin      426.1 ng/ml
  ALP     459 IU/l                hematocrit     34.7%             TSH           0.665 μIU/ml
  γ-GTP   67 IU/l                 platelets      10.9 × 10^4^/μl   fT~3~         2.48 pg/ml
  T.BIL   0.5 mg/dl               PT             120%              fT~4~         1.12 ng/dl
  D.BIL   0.1 mg/dl               PT-INR         1.00              blood sugar   100 mg/dl
  TP      6.7 g/dl                anti-HCV       positive          HbA~1c~       5.3%
  Alb     4 g/dl                  HCV RNA        4.5 log IU/ml     CRP           0 mg/dl
  T.CHO   169 mg/dl               HCV genotype   1b                              
  UA      7 mg/dl                 HBsAg          negative                        
  UN      57 mg/dl                anti-HBs       negative                        
  Cre     2.45 mg/dl              anti-HBc       negative                        
  eGFR    22.9 ml/min/1.73 m^2^   anti-HIV       negative                        

LDH = Lactate dehydrogenase; ALP = alkaline phosphatase; γ-GTP = γ-glutamyltransferase; T.BIL = total bilirubin; D.BIL = direct bilirubin; TP = total protein; Alb = albumin; T.CHO = total cholesterol; UA = uric acid; UN = urea nitrogen; Cre = creatinine; WBC = white blood cell count; RBC = red blood cell count; PT = prothrombin time; PT-INR = PT international normalized ratio; anti-HCV = anti-HCV antibody; HBsAg = hepatitis B virus surface antigen; anti-HBs = anti-hepatitis B virus surface antibody; anti-HBc = anti-hepatitis B virus core antibody; anti-HIV = anti-human immunodeficiency virus antibody; AFP = α-fetoprotein; PIVKA-2 = protein induced by vitamin K absence-2; TSH = thyroid-stimulating hormone; fT~3~ = free triiodothyronine; fT~4~ = free thyroxine; HbA~1c~ = hemoglobin A~1c~; CRP = C-reactive protein.

###### 

Laboratory findings prior to the initiation of the combination treatment with sofosbuvir and ribavirin in case 2

  Item    Value                   Item           Value
  ------- ----------------------- -------------- ----------------
  AST     10 IU/l                 WBC            2,900/μl
  ALT     17 IU/l                 RBC            372 × 10^4^/μl
  LDH     164 IU/l                hemoglobin     10.8 g/dl
  ALP     265 IU/l                hematocrit     33.4%
  γ-GTP   53 IU/l                 platelets      4.7 × 10^4^/μl
  T.BIL   0.7 mg/dl               PT             100%
  D.BIL   0.1 mg/dl               PT-INR         1.03
  TP      6.6 g/dl                anti-HCV       positive
  Alb     3.7 g/dl                HCV RNA        7.0 log IU/ml
  T.CHO   152 mg/dl               HCV genotype   2b
  UA      6.9 mg/dl               HBsAg          negative
  UN      26 mg/dl                anti-HBs       negative
  Cre     1.10 mg/dl              HBV DNA        negative
  eGFR    53.5 ml/min/1.73 m^2^   anti-HIV       negative

LDH = Lactate dehydrogenase; ALP = alkaline phosphatase; γ-GTP = γ-glutamyltransferase; T.BIL = total bilirubin; D.BIL = direct bilirubin; TP = total protein; Alb = albumin; T.CHO = total cholesterol; UA = uric acid; UN = urea nitrogen; Cre = creatinine; WBC = white blood cell count; RBC = red blood cell count; PT = prothrombin time; PT-INR = PT international normalized ratio; anti-HCV = anti-HCV antibody; HBsAg = hepatitis B virus surface antigen; anti-HBs = anti-hepatitis B virus surface antibody; anti-HIV = anti-human immunodeficiency virus antibody.
